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Brief reports
Abstract: Odontoid osteomyelitis is a rare disease which is frequently 
misdiagnosed as torticollis, leading to a delay in diagnosis. We present 
2 illustrative cases and a systematic literature review summarizing previ-
ously reported cases. Odontoid osteomyelitis should be considered in chil-
dren presenting with decreased head movements and with elevated erythro-
cyte sedimentation rate, particularly without improvement while receiving 
antiinflammatory treatment. Plain radiographs can be misleading, and mag-
netic resonance imaging should be performed for better visualization.
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Odontoid osteomyelitis (OOM) is a rare disease. It mostly occurs in adults, either associated with an underlying condition1–4 or 
rarely in healthy individuals.5,6 In children, only few cases have been 
described. The diagnosis of OOM seems particularly challenging in 
infants and young children for several reasons: (i) the differential 
diagnosis of neck pathologies particularly the ones of infectious eti-
ology are broad and include cervical lymphadenitis, abscesses (peri-, 
retrotonsillar and epidural), central venous infections, malignancies 
or infections of the spine, (ii) the interpretation of images of carti-
laginous and osseous parts of the cervical vertebrae is difficult and 
(iii) most patients present in good clinical condition and afebrile. The 
aim of this review is to summarize risk factors and clinical criteria for 
OOM and to outline appropriate methods for investigation.
CASE 1
A 14-month-old boy presented with symptoms of an upper 
respiratory tract infection (including rhinitis, cough and mild cer-
vical lymphadenopathy) persisting for 3 days. During the same 
time interval, he also developed right-sided torticollis and vomit-
ing. There was no preceding trauma recalled. A viral infection was 
presumed, and he was discharged with an antiinflammatory treat-
ment. Nine days later, he returned to the emergency department 
for persistent elevated temperature, reduced feeding, drooling and 
whining. At presentation, the child was systemically unwell with a 
tilted head and restricted head movements. Physical examination 
(including oral and neurologic examination) was unremarkable. 
Laboratory investigations showed a hemoglobin value of 114 g/L, 
a total white blood count (WBC) of 9.7 × 109/L, a platelet count 
of 506 × 109/L and a slightly elevated C-reactive protein (CRP) at 
18 mg/L. A magnetic resonance imaging (MRI) of the neck showed 
cervical lymphadenopathy but was otherwise unremarkable. The 
child was discharged with symptomatic treatment and physiother-
apy for the torticollis which was presumed to be caused by a viral 
upper respiratory tract infection. Three days later, he was read-
mitted because of persistent torticollis and elevated temperatures 
with a maximum of 38°C. The CRP was persistently slightly ele-
vated at 20 mg/L, and the erythrocyte sedimentation rate (ESR)—
which was not previously measured – was significantly elevated at 
>110 mm/h. Radiography of the cervical and thoracic spine was 
normal. A repeat MRI of the neck showed edema of the basis of the 
odontoid peg (Fig. A, Supplemental Digital Content 1, http://links.
lww.com/INF/C468) with contrast enhancement (Fig. C and F, Sup-
plemental Digital Content 1, http://links.lww.com/INF/C468), con-
sistent with osteomyelitis. Intravenous treatment with cefuroxime 
(150 mg/kg/d) was started. A nasopharyngeal swab did revealed 
normal flora. Blood cultures were not performed. A bone biopsy 
was considered but not performed because of the high risk of an 
intervention in this location and the favorable response to treat-
ment. After 5 days of treatment, the CRP normalized and the ESR 
was 35 mm/h. Antibiotic treatment was changed to oral amoxicillin/
clavulanate (90 mg/kg/d) and continued for 4 weeks. On follow-up 
at the end of antibiotic treatment, the child was asymptomatic with 
a full range of head movement and normal neurologic examination.
CASE 2
A 32-month-old boy was referred to our hospital because 
of persistent torticollis for 3 weeks. He had previously been seen 
by his general pediatrician. The boy had always been afebrile, in 
good general condition and inflammatory markers in the blood as 
well as radiography of the neck were unremarkable (Fig. A, Sup-
plemental Digital Content 2, http://links.lww.com/INF/C469). The 
boy had empirically been treated with antiinflammatory medica-
tion, but the neck pain increased, especially during the night and 
the parents also reported decreased head movement. A fall from 
his bicycle had been noted shortly before the onset of symptoms 
3 weeks earlier. At presentation, the boy had left-sided torticollis, 
mild cervical lymphadenopathy, cervical paraspinal muscle spasm 
and pain on head rotation to the left. Oral inspection was unre-
markable, apart from a symmetrical tonsillar hypertrophy. Labora-
tory investigations showed a hemoglobin level of 112 g/L, a total 
WBC of 9.6 × 109/L, a platelet count of 514 × 109/L, a slightly ele-
vated CRP of 8 mg/L and a significantly elevated ESR of 70 mm/h. 
A computed tomography (CT) of the cervical spine showed irregu-
lar osteolysis of the odontoid peg with soft tissue swelling and 
pannus formation with contrast enhancement within atlantoaxial 
joint space and marked enhancement of the odontoid (Fig. B, Sup-
plemental Digital Content 2, http://links.lww.com/INF/C469).
Intravenous cefuroxime (150 mg/kg/d) was started. After 
6 days of treatment, symptoms resolved. Blood cultures remained 
sterile. Serology for Bartonella, Salmonella, Brucella, Fran-
cisella tularensis and an interferon gamma release assay for 
tuberculosis was negative. After 2 weeks of therapy with cefuro-
xime, the child developed fever, skin flushing and vomiting, and 
therefore, the antibiotic treatment was changed to meropenem 
75 mg/kg/d. Three weeks after initiation of treatment, an MRI 
showed contrast enhancement within the dens and atlantoaxial joint 
space (Fig. C, Supplemental Digital Content 2, http://links.lww.
com/INF/C469) and the ESR dropped to 10 mm/h. Antibiotic treat-
ment was switched to oral amoxicillin/clavulanate (90 mg/kg/d). 
After 6 weeks of therapy, the inflammatory markers had normalized, 
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a follow-up MRI showed markedly less contrast enhancement of 
the odontoid peg. The therapy was stopped after a total of 8 weeks. 
Follow-up MRI 3 months after the onset of treatment showed fur-
ther reduction in contrast enhancement. The patient was asympto-
matic at 8 months follow-up.
litErAtUrE rEViEW
A systematic literature review was performed using Med-
line, Embase and Web of Science (1950 to September 2015) using 
the search terms “OOM” or “osteomyelitis odontoid peg” or “dens 
osteomyelitis” or “vertebral osteomyelitis.” References were hand-
searched for additional articles. Only cases of children with OOM 
with sufficiently detailed description of clinical presentation, diag-
nostic methods and treatment were included. The clinical character-
istics of the 6 children reported in the literature and our 2 cases are 
summarized in Table 1.7–12
In children with OOM, the median age at presentation 
was 16 (range, 1–84) months; 7 of the 8 children were below 
the age of 3 years. The most common presenting symptoms were 
reduced head movements, neck stiffness or torticollis which 
was present in all but 1 patient.7 Cervical lymphadenopathy 
was described in 3 children10; neck swelling,8,12 cervical muscle 
span11 and drooling7 each in 2 patients. Interestingly, for both 
children described in our cases, an aggravation of pain during 
the night was reported. The median interval from the first medi-
cal presentation to time of the diagnosis was 17 (range 0–90) 
days. Four of the 8 patients, including our 2 cases, were initially 
diagnosed with torticollis and discharged with antiinflammatory 
medication.10,11 In 3 patients, a prior trauma affecting the head or 
neck was described.10,12
The majority of children (7 of 8 cases) were not reported to 
have fever or be systemically unwell. Detailed laboratory results 
were available from 5 patients.8–11 ESR and CRP were elevated in 
all 5 cases with a median level of 94 (range of 63 to >110) mm and 
15 (range of 8–37) mg/L, respectively. The WBC was only elevated 
in 1 child, and the median level was 9.7 (range of 6.3–22.9) × 109/L.
In 3 patients, a concomitant infection was present: thigh 
abscess,10 retropharyngeal abscess7 and staphylococcal pharyn-
gitis12). While radiography of the spine was normal or not done 
in 3 patients (38%), cervical MRI established the diagnosis in all 
patients in whom it was performed. One patient was diagnosed 
based on findings in radiography only. In 3 children, blood cul-
tures were taken but remained sterile.10,12 A pathogen was isolated 
in 2 patients only, both of which were positive for Staphylococcus 
aureus isolated from an aspirate7,8; none of the patients had bone 
biopsies performed.
Three patients were surgically treated (one each with aspi-
ration,8 aspiration and spinal fusion,12 and evacuation of abscess 
and hemi–semi-laminectomy7). All patients received antibiotic 
treatment for a median duration of 9 (range, 5–18) weeks. Five 
patients were switched to oral antibiotics after a median dura-
tion of 3 (range, 1–6) weeks.7–9,11 The choice of antibiotics and 
the duration of therapy were heterogeneous. Seven of the eight 
patients showed complete resolutions of symptoms on follow-up. 
Only the youngest patient showed residual changes follow-up CT 
at 2 months with the absence of normal osseous structures in 
craniospinal region. He had from reduced head movements on 
his 3-year follow-up.7
diSCUSSiOn
Vertebral osteomyelitis is most commonly caused by hema-
togenous seeding of bacteria, and infections are predominantly 
localized in the lumbar and thoracic spine, with significantly less 
frequent involvement of the cervical spine.13 Local trauma to bone 
in the setting of bacteremia may also be a contributing factor. 
OOM is a rare condition, and diagnosis is challenging as most 
children present in good general condition and without fever. The 
most common symptoms at presentation are reduced head move-
ments, torticollis or neck stiffness. Torticollis usually resolves 
within a few days. In children with persistent symptoms, further 
investigations are necessary. Possible noninfectious differential 
diagnoses are muscular strains, fractures or Grisel Syndrome (an 
atlantoaxial subluxation after inflammation). If persistent torticol-
lis is associated with an elevation of ESR, possible differential 
diagnoses are cervical lymphadenitis, abscesses (peri-, retrotonsil-
lar and epidural), central venous infections, malignancies or infec-
tions of the spine. One consistent finding of patients with OOM 
is persistence of symptoms and in most cases an elevated ESR 
above 50 mm/h. Further hints might be drooling or an aggrava-
tion of pain during the night. Radiography of the spine may be 
helpful for diagnosis, but prevertebral softtissue swelling can be 
subtle and easily be missed. Unossified cartilaginous parts of the 
atlas and axis in infants, unexpected variants of synchondroses and 
osseous gaps are difficult to differentiate from osteomyelitis on 
plain radiographs.14 Disk space narrowing used for diagnosis of 
other vertebral osteomyelitis is not usually evident in the cervical 
spine. CT scans may be useful to show bone destruction and soft 
tissue swelling or pannus formation. Unexpected synchondroses 
and osseous gaps can lead to a misdiagnosis of a fracture.10 The 
most helpful imaging modality is MRI, particularly in early diag-
nosis, as it may indicate bone edema, soft tissue enhancement or 
abscess formation.
Treatment of OOM should include empiric antibiotic medi-
cation covering S. aureus until culture results are available. Sur-
gical intervention should be performed when deemed necessary 
and may help to determine the causing pathogen. Despite frequent 
delay in diagnosis, the outcome of the reported cases is generally 
favorable, but possible complications include destruction of the 
vertebral bodies,7,15 subluxation of the atlantoaxial joint16 or cervi-
cal cord compression.3,7
Osteomyelitis of the atlas may present similarly to OOM and 
require similar treatment.17 Tuberculous osteomyelitis should be 
considered, particularly for children exposed to tuberculosis or liv-
ing in high prevalence countries and/or lack of improvement under 
initial antibiotic treatment. Tuberculous osteomyelitis is commonly 
described in spine but the dens seems rarely affected.18,19
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membrane contact. Sampling of shared toys in day cares1 shows 
evidence of viral contamination; nucleic acids from respiratory 
viruses have been isolated from toys in day cares2 and doctors’ 
offices,3 and influenza nucleic acids have been isolated from toys in 
homes.4 Toys in common play areas in healthcare settings have been 
implicated as vehicles for outbreaks of viral illness.2 One challenge 
of understanding the potential role of toys in viral transmission is 
that many studies of viral contamination of toys are cross-sectional 
and based on detection of viral nucleic acids, making it difficult to 
determine whether infectious viruses are present on toys and how 
long they persist. Without knowing how enveloped viruses survive 
on fomites like toys, it is difficult to assess the potential risk of 
infection and effectively design control measures such as disinfec-
tion. Therefore, the purpose of this study is to determine the inac-
tivation of an enveloped virus surrogate, bacteriophage Φ6, on the 
surface of a nonporous children’s toy at temperature and relative 
humidity (RH) levels typical of indoor environments.
mEthOdS
Virus was propagated in host Pseudomonas syringae using 
the soft agar propagation method (bacteriophage and host were 
kindly provided by Dr. Leonard Mindich, University of Medicine and 
Dentistry, New Jersey). Thirty milliliter of host bacterial culture was 
grown for 24 hours with shaking (100 rpm, 25°C). Virus stock (2 mL) 
was added and incubated with shaking for another 24 hours. This 
virus culture (0.5 mL) and fresh host culture (0.5 mL) were added 
to 30 mL of soft agar (0.7% agar), dispensed into tryptic soy bot-
tom agar plates and incubated at 25°C for 24 hours. The top layer 
was then harvested, pooled, purified by centrifugation (5900 × g, 30 
minutes and 4°C) and stored as stock in 20% glycerol–tryptic soy 
broth at −80°C.
A nonporous flexible plastic children’s toy (a squeaking frog) 
was disinfected with 70% ethanol and cut into 1 cm2 coupons. Virus 
stock was diluted in phosphate-buffered saline to target a concentra-
tion of 107 plaque-forming units (PFU) in 10 μL. 10 μL was placed 
on toy coupons. Time 0 carriers were sampled immediately. For the 
other time points, coupons were placed into controlled humidity 
environments at 22°C at either 40% (±2%) or 60% (±2%) RH, cre-
ated by placing saturated salt solutions in sealed glass containers. 
For sampling, coupons were placed in tubes using sterile forceps. 
Eluent (5 mL of 1.5% beef extract, pH 7.5) was added into each 
tube and agitated on a shaker at 100 rpm for 20 minutes. Eluent was 
assayed using the double-agar layer plaque assay on tryptic soy agar 
and incubated at 22°C for 24 hours. Virus survival at each time point 
was expressed as log
10
(N
t
/N
0
), where N
t
 is the virus concentration 
in PFU on the coupon at time t, and N
0
 is the initial virus concen-
tration in PFU on the coupon at time 0. Data were analyzed with 
Excel 2011 (Microsoft Corp.) and GraphPad Prism 5 (GraphPad, 
San Diego, CA).
rESUltS
Over 24 hours, there was an approximately 2log
10
 (99%) reduc-
tion in the number of infectious viruses at 60% RH, with approxi-
mately 1log
10
 reduction in the first 8 hours. At 40% RH, there was a 
more rapid decline, with 3.2log
10
 reduction at 2 hours and 6.8log
10
 at 
10 hours (Fig. 1). Measurements at 40% humidity were carried out 
until the detection limit of 6.8log
10
 was reached at 10 hours.
To determine if the slopes of the inactivation curves were 
significantly different, data were fitted using the Weibull model, 
which has been previously applied to describe the effects of humid-
ity on virus survival.5 The Weibull model is log
10
(N
t
/N
0
) = −btn. 
Using this model, the slope n was determined for each humidity 
level (60%, n =0.47; 40% RH, n = 1.08). R2 values indicated good 
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Abstract: Children’s toys may carry respiratory viruses. Inactivation of a 
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